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7.4 Systems Required for Safe Shutdown

The information in this section of the reference ABWR DCD, including all subsections,
tables and figures, is incorporated by reference with the following departures and
supplements.

STD DEP T1 2.4-1 (Figure 7.4-2, 7.4-3)
STD DEP T1 2.14-1 (Figures 7.4-2, 7.4-3)
STD DEP T1 3.4-1(Figure7-4-4)

STP DEP 1.1-2

STD DEP 1.8-1

STD DEP 7.4-1

STD DEP 7.4-2

STD DEP 8.3-1 (Figures 7.4-2, 7.4-3)

STD DEP Admin (Figure 7-4-4.7.4-2)

7.4.1 Description
STD DEP 1.8-1

See Subsection 7.1.2.4 which addresses the design basis information required by
Section 34 of IEEE-279603.

7.4.1.1 Alternate Rod Insertion Function—-Instrumentation and Controls
STD DEP T1 3.4-1

STD DEP 7.4-1

The alternate rod insertion (ARI) function is accomplished independently and diversely

from the Reactor Protect/on System (RPS) Mdependeﬂt—seﬁseﬁs—(f—e—EGGS—senser)-

Mfefmaﬂen—System—(RG#S)—The IFhe—RemrcuIatlon FIow Control Svstem ( RFCS)

receives isolated, low reactor level signals from the four ESF Logic and Control System
(ELCS) divisions from reactor level sensors and safety controller equipment separate
from that used for the RPS low reactor level SCRAM function. The RFCS also receives
redundant high reactor dome pressure status signals from the non-safety Steam
Bypass and Control System. The low reactor level signals and high reactor dome
pressure signals are used for the RFCS logic for automatic initiation of the ARI
function. In addition, the reactor operator, using two dedicated switches located on the
Main Control Room Panel, can initiate the ARI function manually. When the ARI
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function is activated, either automatically or manually. ARI activation signals are

provided to the ARI valves of the Control Rod Drive System and simultaneously to the

Rod Control and Information System. Energization of the AR/ valves (separate from
the scram valves), eawse causes reactor shutdown by hydraulic serasa insertion of the

control rods. The RCIS, acting upon the-same-ARI-signals-that-are-providedto-ARI-
vatves; ARl initiation signals from the RECS, causes reactor shutdown by

electromechanical f-esthrough-the-usage-ofFFMGRD-meters)-insertion of control rods
using the FMCRD motors.

7.4.1.3 Reactor Shutdown Cooling Mode—Instrumentation and Controls
STD DEP T1 2.4-1

7.4-2

STD DEP T1 3.4-1

STD DEP 8.3-1

(3)

(4)

(11)

Power Sources

This system utilizes normal plant power sources. These include 4.16 kV 6900
VAGC for the pumps, 480 VAC/120 VAC instrument buses, and as backed up
by DC sources. If for any reason the normal plant sources become
unavailable, the system is designed to utilize the emergency buses and
sources.

Equipment

If it is necessary to discharge a complete core load of reactor fuel to the fuel
pool, a means is provided for making a physical intertie between the Spent
Fuel Pool Cooling and Cleanup (SFPC) System and the RHR heat
exchangers. This increases the cooling capacity of the SFPC System to

handle the heat load for this situation. Fhe-fuelpeetntertic-is-applied-orfyto-
Leops-B-and-C{seeFigure-54-104orRHR-System-P&ID)-

Testability
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—SSLC testing as
discussed in Subsection7.1.2.1.6, is also applicable here for the reactor SDC
mode function of RHR System.

7.4.1.4 Remote Shutdown System

7.4.1.4.4 Remote Shutdown Capability Controls and Instrumentation—Equipment,
Panels, and Displays

STD DEP T1 2.14-1
STD DEP T1 3.4-1
STD DEP 8.3-1

(1) Main Control Room—Remote Shutdown Capability Interconnection Design
Considerations

Some of the existing systems used for normal reactor shutdown operations
are also utilized in the remote shutdown capability to shut down the reactor
from outside the main control room. The functions needed for remote
shutdown control are provided with manual transfer devices which override
controls from the main control room and transfer the controls to the remote
shutdown control. Control signals are interrupted by the transfer devices at
the hardwired, analog loop. Process signals to the main control room are
routed from the sensor, through the transfer devices on the remote shutdown
panels, and then to the muttiplexing-systermremeote-multiplexing-units{RMUs)
Remote Digital Logic Controllers (RDLCs) for transmissionte-use in the main
control room. Similarly, control signals from the main control room are routed
from the RMUsRDLCs, through the remote shutdown transfer devices, and
then to the interfacing system equipment. Actuation of the transfer devices
interrupts the connection to the RiMUs RDLCs and transfers control to the
Remote Shutdown System. Control of all necessary power supply circuits are
also transferred to the remote shutdown system. Remote shutdown control is
not possible without actuation of the transfer devices. Operation of the
transfer devices causes an alarm in the main control room. The remote
shutdown control panels are located outside the main control room. Access
to this point is administratively and procedurally controlled.

(7) Electrical Power Distribution System (EPDS)

(a) The following functions have transfer and control switches located on
the Division | remote shutdown panel:

(i} 6.9kVfeederbreaker Unit auxiliary transformer A-to M/C E-
Safety Bus A3 breakerBreaker from Stub Bus A4

(i) 69KV Hfeederbreaker—Reserve-auxitian/transformerAtoM/GE
Safety Bus A3 Breaker from Stub Bus A5
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7.4.2 Analysis

(b)

(c)

(iii)

(iv)

(v)

(Vi)

Safety Bus A3 Breaker from Emergency Diesel Generator A

Safety Bus A3 Breaker from Bus CTG3

6-9-\VHoad-breaker—M/C-E+te-R/C-E20-Safety Bus A3 Breaker to
P/C E20

480V feeder breaker: TR to P/C E20

The following functions have transfer and control switches located on
the Division Il remote shutdown panel:

(i)

(i)

(iii)

(iv)

(v)

(Vi)

Safety Bus B3 Breaker from Stub Bus B4

Safety Bus B3 Breaker from Stub Bus BS

Safety Bus B3 Breaker from Emergency Diesel Generator B

Safety Bus B3 Breaker from Bus CTG3

6-9-H\Hoad-breakerMICFto-P/CF20-Safety Bus B3 Breaker to
P/C F20

480V feeder breaker: TR to P/C F20

A-6-9HMM/GEF)-A 4160V voltmeter is provided on RSS panels A,B,

respectively.

{8 Fammability-Control-System-(FGS)-MNet-Used Not Used

7.4.2.1 Alternate Rod Insertion Function

7.4.2.1.1 General Functional Requirements Conformance
STD DEP 7.4-1

STD DEP Admin

7.4-4
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7.4.21.2

The Recirculation Flow Control System (RFCS) includes the logic for both automatic
initiation and manual initiation of the ARI function. When the RECS initiates the ARI
function, related ARI activation signals are provided to the ARI valves of the CRD
system and to the Rod Control and Information System for activation of the ARI motor
run-in function.

Upon initiation of the ARI function, the RFCS logic assures that the activation signals
for the ARI valves will remain continuously energized sufficiently long to assure that the
time-delayed, rapid hydraulic insertion of the control rods will occur by depressurizing
the scram valves of the CRD hydraulic control units. This provides for a diverse means
of hydraulic insertion of the control rods from the normal Reactor Protection System
(RPS) initiated scram hydraulic insertion function.

The alternate rod insertion (ARI) motor run-in function is accomplished by the Rod
Control and Information System (RCIS) and the Fine-Motion Control Rod Drive
(FMCRD) Subsystem. This function provides an alternate method of driving control
rods into the core which is diverse from the hydraulic seram-systeminsertion functions.

TFhe-RCISand-the-activerun-nfunction-ofthe FMGRD-motors-The RECS, the ARI
valves and the FMCRD components associated with the motor run-in function of the
CRD System, and the RCIS are not required for safety; nor are these components
qualified in accordance with safety-related criteria. However, the FMCRD components
associated with hydraulic scram are qualified in accordance with safety criteria.

The ARI design is in full compliance with the design considerations cited in
NEDE-31906 31096-P-A (Reference 7.4-1).

Specific Regulatory Requirements Conformance
STD DEP 1.8-1

STD DEP 7.4-1

safety system equipment that interface with the non-safety system equipment

that implements the ARI function (e.q., the low reactor water level status
signals provided to the RFCS) are optically isolated so that failure of the non-
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(3)

safety equipment that implements the ARI function cannot affect any safety--
related function.

The RCIS logic has been designed such that a the only single failure; that

enrby-nthe-irverter-controflerpart-of-a-givenredHogie; may result in insertion
failure of that rod when the ARI function is activated is the failure of the logic
and individual local control equipment (e.g., stepping motor driver module or
rod brake controller) associated with FMCRD motor movement of one control

rod. Also, two manual actions are required at the dedicated-eperaterinterface
panref Main Control Room Panel to manually initiate ARI.

Regulatory Guides (RGS)
(a) RG 1.75-"Physical Independence of Electric Systems*

In addition, each FMCRD inverter has current limiting features to limit

the FMCRD motor fault current. Gentintous-operation-ofalHthe FMGRD-
moters-atthelimiting-faut-eurrent-of the-inverter-shall-not-degrade-

. A o (E oads-{io—the-diesel it ‘
appropriate-desigh-capacityy—Refer to Subsection 8.3.1.1.1 for
additional description of design features incorporated for preventing
degradation of operation of any Class 1E loads if a fault condition exists
in the non-Class 1E equipment that provides power for the FMCRD
motors.

7.4.2.2 Standby Liquid Control System (SLCS) — Instrumentation and Controls

7.4.2.2.2 Specific Regulatory Requirements Conformance
STP DEP 1.1-2

7.4-6

STRD DEP 1.8-1

STD DEP Admin

(1)

(3)

10CFR50.55a_(IEEE-279603)

The SLCS design is similar to the GESSAR Il design, except the explosive
(squib) injection valves are replaced with motor-operated injection valves. It
is designed to meet all applicable portions of IEEE-279603 as clarified above.

Regulatory Guides (RGS)

As indicated in Paragraph (1), the SLCS is not required to meet the single-
failure criterion (RG 1.53) since it is designed to be redundant (and diverse)
from the control rod scram system. However, the two channels of active
components assure that no single failure of these components will prevent
the SLCS from accomplishing its safety boron injection function. Passive
components which are not redundant include the boron tank, injection
pipeline, etc.
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(4) Branch Technical Positions (BTPs)

In accordance with the Standard Review Plan for Section 7.3 and with Table
7.1-2, only BTPs 21 and 22 are considered applicable forthe SLCS. They are
addressed as follows:

(a) BTP ICSB 21— “Guidance for Application of Regulatory Guide 1.47”
The SLCS is not shared between units. ABWR-desighris-a-sinrgle-unit:
Therefore, Item B-2 of the BTP is not applicable. Otherwise, the SLCS
is in full compliance with this BTP.

7.4.2.3 Reactor Shutdown Cooling Mode — Instrumentation and Controls

7.4.2.3.1 General Functional Requirements Conformance
STD DEP T1 3.4-1

STRD DEP 1.8-1
STD DEP 7.4-2

The design of the reactor shutdown cooling mode of the RHR System meets the
general functional requirements as follows:

(3) Alarms

The following system functional alarms apply to all modes of the RHR System
and to each of the three RHR loops except as noted:

() RHRlegiec-powertailureELCS Out of Service.

()  LPEL Manual initiation armed.

7.4.2.3.2 Specific Regulatory Requirements Conformance
STD DEP 1.8-1

(1) 10CFR50.55a (IEEE-279603):

A-clarification-sheuld-be-made-with-regard-te-HEEE-279,-Seetion4-149-The
parent RHR System annunciates activity at the loop level (i.e., “/RHR LOOP
A,B,C ACTIVATED”). However, the individual mode of the RHR System is not
separately annunciated.

Those portions of IEEE-279603 which relate to automatically initiated
systems are not applicable to the manually actuated shutdown cooling mode
of the RHR System. However, the system is designed in accordance with all
other requirements of IEEE-2#9603 as described in Subsection 7.4.1.3.
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7.4.2.4 Remote Shutdown System—-Instrumentation and Controls

7.4.2.4.2 Specific Regulatory Requirements Conformance
STD DEP T1 2.14-1

STD DEP 1.8-1

(1) 10CFR50.55a (IEEE-279603)

The Remote Shutdown System (RSS) consists of two panels (Division | and
Division l) which are located in separate rooms in the Reactor Building.

The RSS provides remote control capability as defined by the following

interfaces:
System Total Channels RSS Interface
System
Flammabiity-Gortro-Systerm B-6 B

Separation and isolation is preserved both mechanically and electrically in
accordance with IEEE-279603 and Regulatory Guide 1.75.

With regard to Paragraph 4:25.1 of IEEE-279603 a single-failure event is
assumed to have occured to cause the evacuation of the control room. The
RSS is not designed to accommodate additional failures for all scenarios. The
effects of such failures are analyzed as follows:

Other sections of IEEE-279603 which relate to testability of sensors, efc., are
not applicable to the RSS of itself, but are applicable to the primary systems
which interface with the RSS. All other applicable criteria of IEEE-29603 are
met by the RSS.

7.4-8 Systems Required for Safe Shutdown
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7.4.3 References
STD DEP Admin

7.4-1 NEDE-31906-P-A-A—-Chung—Laguna-Yerde-Unit1-Reactorinternals-
Vibration-Measurerment—Febraary-1991-NEDE-31096-P-A, L. B.
Claassen, et. al., Anticipated Transients Without Scram Response to NRC
ATWS Rule, 10 CFR 50.62, February 1987.
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The following figures are located in Chapter 21:
Figure 7.4-2 Remote Shutdown System IED

Figure 7.4-3 Remote Shutdown System IBD (Sheets 1-3)

7.4-10 Systems Required for Safe Shutdown
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